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Observations on Egg Parasitism of Aeshna tuberculifera
(Odonata: Aeshnidae) by Eulophidae, Trichogrammatidae
and Mymaridae (Hymenoptera) in Alger County, Michigan
Burton C. Cebulski1 and Mark F. O'Brien2

Abstract
Egg parasitoids were reared from a population of Aeshna tuberculifera
(Odonata: Aeshnidae) in the Kingston Lake area of Alger County, Michigan,
from 1983-2005. Leaves of Iris versicolor were repeatedly used for oviposition
during the period of observation, with the result that just a few leaves were
targeted by different females. Seven species of parasitic Hymenoptera were
reared from 1688 eggs. The cumulative rate of parasitization over the course of
the study was 18.4%. Three species of parasitoids were responsible for approximately 96% of the parasitized eggs: Aprostocetus (Ootetrastichus) mymaridis
Girault (Eulophidae) (41%); and the Mymaridae Polynema nr. needhami (34%)
and Anagrus subfuscus Förster (21%).
____________________

Observations of egg parasitism of North American Odonata have been
largely confined to groups that oviposit endophytically, i.e., the families Calopterygidae, Lestidae, Coenagrionidae, and Aeshnidae (Corbet 1999). Egg
parasitoids of Odonata have been little studied, and there are no long-term
studies in the literature. However, the egg parasitoids of aquatic insects are
chalcidoids predominantly in the families Eulophidae, Trichogrammatidae and
Mymaridae (Fursov 1995).
Aquatic plants provide a sheltered environment for the eggs that are inserted
in them by Odonata and other groups of aquatic insects, as well as a relatively
benign environment for the parasitoids. The very nature of endophytic egg deposition creates opportunities for egg predation and parasitism. The chalcidoids that
attack the eggs of aquatic insects are all associated with species that oviposit endophytically (Fursov 1995, Hagen 1995, Corbet 1999, Reinhardt and Gerighausen
2001, Querino and Hamada 2009). Endophytic oviposition in emergent vegetation
presents an opportunity to observe and record where females have oviposited,
whereas oviposition in submerged vegetation is less easily monitored. The plant
stems with oviposition scars can be marked, and the eggs collected later for study.
It was the original intent to rear and record early instars of Aeshna tuberculifera
Walker from eggs dissected from plant stems. However, as described below, the
presence of egg parasites steered the investigation into a multi-year study of the
parasitoids of the eggs of A. tuberculifera at the site. We present the results of
the rearing and identification of the parasitoids and the observations on the rates
of parasitism of the eggs of A. tuberculifera.
Methods
Study Sites. Most of the field observations and collections were made at
a small pond within Kingston Lake State Forest Campground in Alger County,
122 White Bear Drive, Negaunee, MI 49866.
Insect Division, Museum of Zoology, The University of Michigan, Ann Arbor, MI
48109-1079.
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Michigan (46.5822°N, 86.22606°W). The site is just South of Pictured Rocks National Lakeshore. Initial observations started on 8 August 1982, with repeated
visits in 1983, 1986, 1989, 1993, 1994, 2002, and 2005. The pond is in the center
of Kingston Lake State Forest Campground, and measures approximately 20m
in diameter with a maximum depth of ca. 2 m. The pond gradually slopes away
from the sandy shoreline, and the bottom substrate is largely a layer of mucky
organic material overlying the sand. Reeds (Scirpus sp.) and clumps of Iris
versicolor are the predominant vascular plants ringing the pond. Although the
pond was in sunshine from about 0900 to 1600 hr, it was surrounded by large
white pines (Pinus strobus) that cast shadows in early morning and later afternoons. Several clumps of I. versicolor that were up to 1 m from shore seemed to
be the focus of ovipositing Odonata.
In 1989 a second pond near Ewalt Lake (Alger Co., 46.55080°N,
86.17682°W) was located as a favored site of A. tuberculifera, and a second observer (Kerry Cebulski) stationed there to allow simultaneous observations at
both sites. This pond was similar to the Kingston Lake site except for a shallow
center area with emergent shrubs of Myrica gale (Sweet Gale). This additional
site and long collecting period account for the unusually high numbers collected
during 1989.
Egg Removal and Rearing Methods. Once at the laboratory, the I. versicolor leaves were examined for oviposition scars. The leaf fibers were stripped
back to reveal eggs that were placed in the spongy parenchyma. Each egg was
dislodged carefully with extra-fine point microforceps and placed into a Petri
dish of water. In the first year (1982) pond water was used, and in subsequent
years distilled water was used to retard the growth of probable Saprolegnia sp.
fungus. Fungal growth on the eggs was an ever-present problem during the
course of study. In addition, eggs with even the slightest amount of physical
damage were discarded as they would almost certainly become infected with
fungus. If fungus appeared, all eggs were immediately transferred to a clean
dish. Observations were made every 2-3 days, and eggs that did not survive were
removed. When parasitoid development was observed, those eggs were separated
for rearing. When adult parasitoids eclosed, they were placed in 85% ethanol.
Specimens were collected in 1982, 1983, 1986, 1989, 1993, 1994, 2002,
and 2005. Specimens from 1982-83 were combined as only a small number
of eggs were collected in 1982. Eggs of A. tuberculifera were left in the field a
minimum of two days and a maximum of 10 days, except for 1989, when leaves
were collected after 14 days.
Preliminary identifications of the reared parasitoids were made in 1990
by Dr. John Huber at the Canadian National Collection in Ottawa, Ontario. He
also made the majority of the identifications in 2009 after critical point-drying
of the specimens.
Field Observations. Typically, field observations consisted of watching
for ovipositing females of A. tuberculifera at clumps of I. versicolor. Vouchers
of females were collected after oviposition was completed to verify the species
identification, and oviposition sites were marked for later examination and
dissection of leaves. As an example, on 27 July 1983, a female A. tuberculifera
landed on a leaf at ca. 1000 hr and after a short inspection began to oviposit in
the leaf. The female was collected for a voucher. During the course of the day
two other A. tuberculifera were collected after ovipositing. The clump of I. versicolor was examined, and out of 18 large leaves in the clump, only two had been
chosen for oviposition. For that day, three A. tuberculifera and several Lestes
disjunctus Selys (Odonata: Lestidae) had chosen the same two leaves. The leaves
with oviposition punctures were carefully marked. Since those leaves seemed
to have been more attractive to oviposition and evidently were unique in some
way, they were not immediately collected but left undisturbed in anticipation
of collecting additional eggs. Two other clumps of I. versicolor were similarly
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marked over the next 8 days. On 31 July, leaves containing the eggs were cut
and taken to the laboratory to be removed. On subsequent years, this routine
was typical of the field observations.
Iris versicolor leaves often looked as though they have been stroked by a
wood rasp, due to the numerous punctures. Each puncture had a small curl of
leaf fiber extending from the surface (Fig. 1) and eggs were placed parallel to
the leaf veins and the dorsal surface of the leaf (Fig. 2).

Figure 1. Schematic drawing of
Aeshna tuberculifera oviposition
scars in leaves of Iris versicolor.

Figure 2. Schematic drawing of egg
placement of Aeshna tuberculifera in
leaves of Iris versicolor. Eggs were
situated between leaf veins.
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While observing A. tuberculifera at the sites, it was impossible to ignore
the large numbers of Lestes species (Odonata: Lestidae) that also utilized the
same stands of I. versicolor. There was no attempt made to mark and match
eggs with a particular species, but of the several ovipositing females that were
collected as vouchers, all appeared to be the Northern Spreadwing, L. disjunctus. Lestes spp. eggs were approximately the same length as A. tuberculifera
eggs, but were crescent-shaped with a diameter of only 0.3-0.4 mm. A single
puncture resulted in several eggs layered in galleries at a slight angle to the leaf
fibers, and was often in contact with each other. A third egg type was found
in the thin distal portion of the leaf. Those eggs were also crescent-shaped but
smaller (1.5 mm long). They were uniformly pale-yellow in color. The ovipositor
was used to penetrate the tough leaf vein and each egg was placed through the
vein at a 45° angle. Those eggs were difficult to dissect from the leaf without
damaging them. No parasites were reared from the 23 Lestes spp. eggs that
were successfully removed.
In 2008, a final attempt was made to collect additional samples to augment
the older samples for Huber to identify with fresh specimens. Unfortunately, it
was impossible due to extensive drought conditions in the UP, and many of the
previously-collected small pond habitats no longer exist.
Results
Although seven species of parasitoids were reared (Table 1), three species
were responsible for approximately 96% of the parasitized eggs: Aprostocetus (Ootetrastichus) mymaridis Girault (Eulophidae) (41%); the Mymaridae Polynema
nr. needhami (34%) and Anagrus subfuscus Förster (21%). These three species
varied yearly in the ratios of specimens reared, with Aprostocetus mymaridis
reaching a high of 79% in 2002, whereas the highest number for Polynema
needhami was 60% in 2005, and Anagrus subfuscus reached 32% in 1993. Of
the three species, A. subfuscus definitely tended to be the least numerous, except
for in 1993 when it constituted 32% of the reared specimens. Exemplars of most
of the species reared are shown in Figure 3.
Final cumulative data from 1688 A. tuberculifera eggs collected between
1983 and 2005 resulted in the rearing of 311 parasitoids, indicating a mean
parasitism rate of ca. 18.4% (Table 2). The lowest rate of 12.4% occurred in
1986. All other years had at least at 17% parasitism or higher. As noted above,
eggs were occasionally attacked by fungus. Although this was a problem, only
a small number of eggs were affected. Exact data were not kept on this, but in
casual notes it never exceeded 5%, and it could further be assumed that both
parasitized and non-parasitized eggs were equally susceptible.
In 1982 only two I. versicolor leaves were collected. Out of 50 eggs in one
leaf, only one was parasitized, and in the second leaf, 10 out of 20 eggs contained
parasites, with a range therefore, of 2% - 50% based on just those two leaves.
The cumulative parasitism rate was 18.4% at the study sites, which is perhaps
a more realistic figure.
Eggs of A. tuberculifera are approximately 2.1 mm in length × 0.5 mm
in diameter. They are cylindrical in shape with one end blunt and the other
somewhat pointed. The Mymarid, A. subfuscus is only 0.92 mm long and can
deposit two eggs in an A. tuberculifera egg (Fig. 4). Normally, Odonata develop
within the egg with the head at the more pointed end (Corbet 1999), whereas
Anagrus sp. usually develops with the head at the blunt end of the egg. In the
case of two chalcidoids developing within an egg, both may have the head at
the blunt end of the egg, or they may develop facing in opposite directions. The
larger Eulophidae were never observed to have more than one parasitoid per
A. tuberculifera egg.
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Eulophidae: Aprostocetus nr. polynemae
Ashmead3
Eulophidae: Aprostocetus mymaridis Girault4
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Trichogrammatidae: Centrobiopsis sp.5

Trichogrammatidae: Lathromeroidea sp.6

Mymaridae: Anagrus perhaps subfuscus
Förster 7
Mymaridae: Polynema nr. needhami 8

Total

47

12
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0

0

18

2

0

1993

31

19

5

0

0

7

0

0

1994

34

5

2

0

0

27

0

0

2002

25

15

4

0

0

5

0

1

2005
4
(<1%)
3
(<1%)
127
(41%)
3
(<1%)
3
(<1%)
64
(21%)
107
(34%)
311

Totals

2

1

All identifications and comments from John Huber. All of these genera are in need of a revision to sort out the species properly.
Only 2 ♂ were found, and ♀ are needed to confirm species identification.
3
Only 2 ♀ were seen, both in poor condition, making identification problematic.
4
This species was previously incorrectly identified as A. (O.) polynemae Ashmead, but it is definitely not that species.
5
Three specimens, and unsure of the species.
6
With so few specimens, its unclear what species is represented.
7
Quite common.
8
Previously incorrectly determined as needhami. It is not that species, but similar. It was the second most common species after A. mymaridis.
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0

1
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2013

21

0
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Eulophidae: Tetrastichus polynemae Ashmead

1986

2

1982-83

Parasitoids Reared1

Table 1. Summary of reared parasitoids from eggs of Aeshna tuberculifera from 1982-2005.
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Figure 3. Reared adults of some of the parasitoids reared from eggs of Aeshna tuberculifera. A) Anagrus subfuscus (Mymaridae). Length = 0.9188 mm. B) Aprostocetus
mymaridis (Eulophidae). Length = 1.3375 mm.C) Aprostocetus nr. polynemae (Eulophidae). Length = 2.1649 mm. D) Polynema nr. needhami ♂ (Mymaridae). Length = 1.1642
mm. E) Lathromeroidea sp. (Trichogrammatidae). Length = 0.7872 mm. F) Polynema
nr. needhami ♀ (Mymaridae). Length = 1.5095 mm.
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Table 2. Percentage of Aeshna tuberculifera eggs parasitized by chalcidoid wasps. Total number of A. tuberculifera eggs = 1688.
1982-83
163 eggs
28 wasps
17.20%

1986
170 eggs
21 wasps
12.40%

1989

1993

598 eggs
125 wasps
20.10%

275 eggs
47 wasps
17.10%

1994
174 eggs
31 wasps
17.80%

2002
173 eggs
34 wasps
19.70%

2005
135 eggs
25 wasps
18.50%

Average rate of parasitism = 18.4%.

Figure 4. Parasitized egg of Aeshna tuberculifera with two developing Anagrus subfuscus.

Although it is common to see large numbers of damselflies ovipositing on
a single piece or clump of “favorite” aquatic vegetation, the senior author had
not observed this in the Aeshnidae prior to this study. In 1983, 1986 and 1989,
extensive searches were made in the study area for a second “favorite” site, and
the 1989 Ewalt Lake site was found to be very productive. So much so, that egg
collection was stopped at nearly 600. The attraction of A. tuberculifera to the
specific clumps of I. versicolor is noteworthy in the abundance of eggs and the
repeated visitations by other A. tuberculifera females.
Discussion
Very few studies have been published on rates of parasitism of Odonata
eggs. Laplante (1975) reported rates varying from 45% to 95% of Lestes eggs in
Typha latifolia leaves from Quebec. Reinhardt and Gerighausen (2001) found
a 22.4% rate of parasitism by Anagrus sp. of the eggs of Sympecma paedisca
(Odonata: Lestidae) in Kazakhstan. Querino and Hamada (2009) report a 10.6%
rate of parasitism for Argia inspida (Odonata: Coenagrionidae) eggs in Brazil.
In our study, the lowest rate of parasitism was 12.4% and the highest 20.1%.
However, we have no other studies of Aeshna egg parsitoids with which to make
any comparisons.
Although a logical assumption might be that the longer the eggs were
left exposed to parasitoids, the rate of parasitism would be higher, there could
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also be a limiting threshold at which the parasitoids encounter and oviposit
in the eggs due to physical changes in the substrate and other environmental/
biological cues. One recent study supports the idea that there may be a window
of opportunity that once passed, no further parasitism occurs. Santomalazza
et al. (2011) studied the incidence of parasitism by A. obscurus on Calopteryx
haemorrhoidalis Van der Linden (Odonata: Calopterygidae) and Platycnemis
pennipes Pallas (Odonata: Platycnemidae) in Italy. Different rates of parasitism
were noted from plants collected where the species were observed ovipositing,
and marked plants that were removed 5 days after oviposition was seen (with an
unknown span of oviposition dates). Differing rates were seen from the marked
plants (maximum of 50% marked vs. 14% unmarked for C. haemorrhoidalis
and 29% marked and 50% unmarked for P. pennipes). The authors suggest that
there is a 5-day optimal window of vulnerability to the A. obscurus oviposition
on the damselfly eggs. It should also be noted that the plants that were studied
by Santomalazza et al. (2011) were submerged, unlike the I. versicolor in this
study. However, the idea of a window of vulnerability bears promise, as the
parasitoids are more likely to go after fresh eggs than those that have been in
place long enough that the plant tissues have hardened over the egg scars, or
perhaps some physical change in the aging odonate egg chorion may thwart
parasitoid oviposition. The A. tuberculifera egg placement was fairly consistent
in this study, so results do not seem to depend on where the eggs were placed,
unlike that of Laplante’s (1975) Lestes study.
The size of the study area was very small, and the two ponds where most
of the observations were made and eggs collected are only 10 km apart, making
data susceptible to localized habitat and environmental fluctuations. Over the
course of the study, Alger County and much of the eastern Upper Peninsula
had been experiencing far below normal rainfall. The pond at Ewalt Lake was
completely dry in 2010 and the Kingston Lake pond's water level has fallen over
1m from when the study was initiated. The clumps of I. versicolor that were once
surrounded by water are now many feet removed from it, on dry ground. It is
doubtful that this study could be done under the present conditions (2012) at
these sites. While the observation of the intensive oviposition on a few clumps
of Iris is significant – it is unknown whether it is a widespread phenomenon, or
if it is peculiar to the often droughty conditions in the eastern Upper Peninsula
of Michigan. More observations at other sites would be beneficial for at least
comparative purposes, even without the rearing of parasitoids. For instance,
Halverson (1984) found that A. tuberculifera studied in western Virginia oviposited almost exclusively in stems of Juncus effusus.
Does oviposition choice become a localized phenomenon based upon the
plant species available, or are there regional differences due to the plant communities? Do eggs in Juncus stems suffer different rates of parasitism than
eggs in Iris leaves? Did the aggregation of eggs in so few sites result in skewed
parasitism ratios? These questions may hopefully offer an area of study for
future research.
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